N o

~D

. "v /’f‘__\ .
/” ? R-TR-76-044
}” !' i N
L“ Y,
Y

HEAT SETTING PROCEDURES FOR HELICAL
COiLtD SPRINGS

=
o))
@)
w3
oy
-
<

Q

<<

HENRY P. SWIESKOWSKI

STy o/
DECEMBER 1976 ‘{; x-‘ ..\\f“-\‘
% el LA '
FINAL REPORT \ ,,.\5*,\,\5\3
e

RESEARCH DIRECTORATE

Approvad for pubiic release; distnbution unkmiied.

CENERAL THOMAS j. RODMAN LABGRATORY
ROCK ISLAND ARSENAL
ROCK ISLAYD, HLINOIS 61201

< one ey AR S A ai, e R -
- :‘? PR - e SR 124 e ~ P SNl 22 LR .
= TEE O Al T ==

rOOF BRR: =
R p =7

R vy 5 T

e e T R -

T e e b e st e e
5 —— ———— s = — e




[4
i

DISPOSLTION INSTRUCTIONS:
Do not

Destroy this report when it is no longer needed.

return it to the originator.

DISCLAIMER:
The findings of this report are not to be construed as

an official Department of the Army position unless so
designated by other authorized documents.

Ay




N
}:

UNCLASS [FIED

SECURITY CLASSIFICATION OF THIS PAGE (™hen Dete Entored)

REPORT DOCUMENTATION PAGE BEY O O RM

2. 30V1 AGCESSION HOJ 3. RECIPIEHT'S CAT..LOG NUMBER

S; , '-;ﬁ_.a “TR-76-044 |
‘ - S TYPE OF REPORT & PERIOD COVERED

T

/ v 1 P -
(@ | =  SEIVIHG PROCEDURES TOR JELICAL COTLED FINAL (FE3'~APRIL 76)
\—Lw’jmﬁ. €. -FRFORMING ORG. REPORT NUMBER
- i-aa-i
7. AUTHOR(s) e ///1\ i P T CONTRALT OR GRAN - NUMBER(s)
o - 7 /,/\ YT R / L - _ ) s/
[ /(1] HERRY P.,gmzsxousn (“/', Ll /‘J/CZI *7&4' /{;{M’ @ }
K S
A - \ ___J ‘] ]
8. PERFORMIHNG QRGANIZATION MAME ARD ADDRESS ll'J——:achBR&\:oERLK:SErTT.NPUmOBJEEgsT, T ASK -
RESEARCH DIRECTORATE, SARRT-RLR

j‘

GZN THOMAS J. RODMAN LABORATORY AHCHS 3297.06.7411
ROCK ISLAND ARSENAL, ROCK ISIAND, IL, 61201

1 COMTROLLING OFFICE NAME AND ADDRESS T--RPRD DA TErx.
CMDR, ROCK ISLAND ARSENAL @ DECRMBER P76 /
M

GEN THOMAS J. RODMAN LABORATORY, SARRI-RLR 1Tre=
ROCK ISLAND, IL 61201 29
T4 MORITORING AGENCY HAME & ADDRESS(I! thrmt Contsoliing Oftice) | 15 SECURITY CLASS (of this repor)
"E}
( )
/é L‘:F Unolagsified
T5a. DECL ASSIFICATION/ DONNGRADING
SCHEDULE

16. DISTRIBUYION STATEMENT (of thio Report)

APFROVED FOR PUBLIC RELFASE, DISTRIBUTION UNLIMITED.

18 SUPPLEMENTARY ROTES

i9. KEY WORDS (Continue on nvo:.- aside if necuesary an,’ tdantlfv by block number)
HEAT SETTING
MANUFACTURING PROCEDURES
HELICAL SPRINGS
LOAD RETENTION
ENDUBANCE TESTS

20. ABSTRACT (Continue on reverae eide if necessary and Identity by tlock number)
-~ ™Various heat setting procedures for the manufacture of helical compression

springs were in’estigated to detemmine optimim heat setting methods that will
minimize Operational spring set end load losses. Production springs were

fabricated from music wire, stainless steel and chrose vanadium materials. The
springs were given heat setting treatmeats under Giffzr:at ccaditions of teim-
eratures, time durations end stress levels, Effects of the various heat setting
procedures on spring set and load reductions were evaluated by laboratory

DD , 55%; 1473  eoiTion of i nov 85 15 omsSUETE UNCLASSIFIED \\

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) \




I~

A

- YT

SECURITY GLASSIFICATIONOF THIS PAGE(When Data Entered)

ABSTRACT ~ cont.

endurance tests. Recamended heat setting procedures based on study results

are given for the spring materials and test conditions investigated in this
project.

-

‘?

N

UNCLASSIFIED

11 SECURITY CLASSIFICATION OF THIS PaGE(When Date Entered)




Contents

DD Form 1473

Contents

Objectives

Introduction

Discussion
A. Materdial and Heat Setting Treatments
B. Test Procedures and Results

Conclusions

Recommendations

Appendix

Distribution

iy

'

]
=
%o
=

=
g

Y

n

Y

i

h

g
W

iii

AN F W

wadii




OBJECTIVES

The objectives of tnis program were to evaluate various heat set-
ting procedures and to determine the most beneficia. procedies to min-
imize operational set and load Losses of helical co ression springs.

INTRODUCTION

The advantages of presetting (also called cold setting or scragging)
of springs have been recoynized for some time. This opersation induces
beneficial residual stresses within the spring material which increases
its elastic limit and load capacity. This procedure consists of coiling
the spring to a length somewhat greater than the free length desired and
then compressing the spring beyocad the elastic limit. Figure 1 in the
Appendix shows a typical loed deflecticn d “3Iram thus obtained! Foint
ﬂ repregsents the iritial elastic limit and £ the maximum load during
the operation. On unloading the spring, th- load drcps along the dasbed
curve which is essentially a stiruight li: . and some set occurs. On
reloading, the resultant elastic limit is raised to point E which is
considerably higher than the original valur § . Presetting is a strain
hardening operaticn that allows the use ~{ Ligher design stresses, but
it also adds another step to the manufactu:iing process,

Similar to presetting of springs,heat settling also induces favor-
able residual stresses within the wire raterinl; however, the siress
pattern produced is deeper and more pemmenent, and {ihus will provide
springs that are more resisgtant to setting. Heat setiing differs rrom
presetting in that the springs are compressed on fixtures to a speci-
fied stress level and then subjected to a prescribed tompermture whil
conpressad for the required time. A spring so treated will take some
permanent set depending on the severity of the stress level and temoera-
ture used in the hcat setiing operation. liowever, 1f the spring uesign
and the heat setting procedure are correct, the conpleted spring will
meet the desired specifications and will not take appreciable set in
subsequent service. In this study, relatively low heat setting temp-
atures were applied because the subseqgnent evaluation endurance tests
were conducted at ambient temperatures.

DISCUSSION

A. Material and Heat Setting Treatments

The helical compression springs that were used in this program
were fabricated from the following spring tempered materials and given
the specified stress relieving treatments.

'Wahl, A.M., Mechanical Springs, M “raw-Hill Book Compeny, Inc.,
New York, New York, 1963.




1) Music Wire, QQ-#-lL70
Wire diameter = 0.043 iuch
Stress relieve: Heat at 450°+ 10° for 30 minutes

2) Stainless Steel, QQ-W-423, Comp. FS302
Wire diameter = 0.043 inch
Stress relieve: Heat at 800° F + 25° for 30 minutes

3) Chrome Vanadium, QQ-W-412, Comp. 1
Wire diameter = 0.043 inch
Strese relieve: Heat at 700° F + 20° for 30 minutes

One basic spring design wns used in this program; detail specifications
for this design are given in the Appendix. Cne hundred end tiirty
springs were febricated from each material snd stress relieved in ac-
cordance with the auwove instructions. Each group of one h'mdred and
thirty springs were divided into thirteen sets of ten springs each ani
given the following heat setiing procedures.

Springs compressed %o a stress level of 100,000 psi

Set No. Temperature( °F) Time at temperature(min.)
1 200 30
2 200 60
3 300 30
4 300 60
5 100 30
6 400 60

Springs ccumprsssed tu a stxess level of 150,000 pei

Set No. Temperature( °F) Time at_tcmperature(min.)
T 200 30
8 200 60
9 300 30
10 300 60
11 4oo 30
12 400 60
13 Controlled set - no heat setting applied

The springs were compressed on suitable fixtures to the prescribed
stress levels and then secured at that compressed height. They were
then subjectad to the specified temperature for the required time
period. Ths above stress values are uncorrected and correspond to the
followirg canpreased spring heights.
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For musis wire and chrome vanadium materials
£) 100,000 psi corresponds to 1.530 inches
b) 150,000 psi corresponds to 1.020 inches

For stainless steel muterial
a) 100,000 psi corresponds to 1.470 inches
b) 150,000 psi corresponds to .860 inches

It was required that all wire material used in this program be fres
from surface iriegularities. Prior to coiling, the meterial was ex-
amined thoroughly with the aid of a microscope. No cracks or surface
defects were observed and the material was accepted for winding springs.

3. Test Procedures and Results

Test fixtures vere designed end fabricated to eadurance test the
springs on the Krcuse spring tester. A photograph of a heat set spring
assembled onto the tester is shown in Figure 5 in the Appendix. Some
experimentation in the eniurance testing was necessary in order to
esteblish the proper test conditions for the werking stress levels
and cy~lic frequency whicn would produce spring set wita the minimum
amount of spring breakage. It was detemmined that the music wire springs
should be cycled between the heights of 2.500 and 1.000 inchee which
corresponds to stress levels of 18,000 psi and 152,000 psi respectively;
and at a frequency of 1275 cycles per minute. Springs were cycled for
a total of 50,000 compressions with measurements taken of the free
heights and spring loads periodically during the test.

Load at 2.500 iaches and free height measurements teken on the
individual music wire springs before and after 50,000 compression
cycles are shown in tables 1 to 6 in the Appendix. Test results of only
four springs are given for set 1 because six springs from this set were
expended to establish the stress and frequency test conditions. Fewer
than 10 springs are also listed in some of the other sets, due to spring
hreakage that occurred before the completion of 50,000 cycles.

The stainless steel springs were endurance tested between the
he:ghts of 2.200 and 1.000 inches which corresponds to sfress levels of
41,000 psi and 139,000 psi respectively; and at a rate of 1000 cycles
ver minute, Three springs each frcm sets 2 and 6 were used to establish
the test conditions. Measured free height and load measurements taken
on the springs before and after cycling are shown in tables T to 1l2.
Five springs each from sets 9 and 10 were tested since this sample
was conegidered sufficient to provide adequate date to assess spring
characteristics.

Tne chrame vanadium sprinzs were endurance tested under the same con-
ditions &s were the music wire springs. Test data for the chrome ven-
adium springs are given in tables 13 to 17.

The criteria used in measuring the smcunt ©f 3pring set are the
load at & particular compressed height and the change in free height.
The spring loed {at 2.500 inches) is considered a more practical and
meaningful method to measure set for this project. Some of the heat

S SRR A o R




setting procedures that were used proved to be too severe for the spring
material and produced an excessive set. In some cases, the resultant
free height after the heat setting operation was less than 2.500 inches:
this occurred with the heat setting procedures that were performed at

a stress level of 150,000 psi and at the maximum temperature. Ex-
cessive set as a result of the heat setting treatment occurred to sets
11 and 12 of the music wire and stainless steel springs as well as to
sets 9 to 12 of the chrome vanadium springs. Consequently, these sets
were not endurance tested because the free heights were slightly above
or below the 2.500 value.

The aversge load values before and after 50,000 cycles of each set
of music wire springs are shown in figure 2 in the Appendix. For each
set, the left bar column represents the average load before the endur-
ance test and the right bar column indicates the average value after the
50,000 compressions. Similarly, the aversge load values for the stain-
less steel and chrome vanadium spring sets are depicted in figures 3

and 4 reespectiveiy.
CONCLUSIONS

A review of figure 2 shows thet the heat setting procediwre that is
most effective for music wire springs to minlaize load loss due to
operatioral set is the procedure that was applied tc set 1 (i.e. stress
level = 100,000 psi, temperature = 200°F and time = 30 minutes.) The
final load after testing for set 1 is twice as large as the final load
for the untreated set 13. The heat setting procedures that were given
to sets 2 and 7 were elmost equally beneficial since these springs
sustsined & high load level.

Figure 3 shows that all the heat setting treatments that were per-
formed at a strees level of 100,000 psi aided to increase the durability
of the stainless stecl springs. However, the treatments that were applied
to sets 1 and 4 provided the best results.

The benefit derived from heat setting by the chrome vanadium
springs is rather minimal as .oun be observed from figure 4. The heat
setting procedure that is related to set 1 induced the most favorable
strength properties.

Load retention property of music wire springs is benefitted more
by heat settinp than those of stainless steal or chrome vanadium springs.

(Generally, the difference in heating times of 30 minutes and 60
minutes had little effect on spring oad durability.

Test results show that of the three temperature values that were
wsed in this study, the twperature of 200°F produced the most favorable
results., However, it is possible that a somewhat luower temperature may
produce an even higher recistance to spriny set. Limitations on funds
and material preclud=d the evaluation of other temperature varisbles.
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RECOMMENDATIONS

X. The heet setting procedure of

Stress level = 100,000 psi
Temperature = 2000F
Timz at temperature = 30 minutes

should be applied to the following materials and operating conditions:

Mugic wire and chrome vanadium materials
Wire size approximately .OU3 inch

Stress range of 18,00C psi to 152,000 psi
Loading frequency 1275 cycles per minute

Stainless steel material

Wire size approximatel:s .OL3

Stress range 41,000 psi to 139,200 psi
Loading frequency 100C c¢;y2les per minute

2. Temperatures in the rage of 100°F to 200°F should be investigated
if a further study on 1eat setting procedure is conducted.
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Appendix

Figure 1 - Load Deflection Disgram of Spring During Presetting
Specifications - Heat Set Spring

Table 1 - Test Results,

Music Wire Springs,

Set 1 and Set 2

Table 2 - Test Results, Music Wire Springs, Set 3 and Set 4
Table 3 - Test Results, Music Wire Springs, Set 5 and Set 6
Table 4 - Test Results, Music Wire Springs, Set 7 and Set 8
Table 5 - Test Results, Music Wire Springs, Set 9 and Set 10
Table 6 - Test Results, Music Wire Springs, Set 13

Table 7 =~ Test Results, Stainless Steel Springs, Set 1 and Set 2
Table 8 - Test Results, Stainless Steel Springs, Set 3 and Sct 4
Table 9 - Test Results, Stainless Steel Springs, Set 5 and Set 6
Table 10 - Test Results, Stainless Steel Springs, Set T and Set 8
Table 11 - Test Results, Stainless Steel Springe, Set 9 and Set 10
Table 12 ~ Test Results, Stainless Steel Springs, Set 13

Table 13 - Test Results, Chrome Vanadium Springs, Set 1 and Set 2
Table 14 - Test Results, Chrome Vanadium Springs, Set 3 and Set L
Table 15 - Test Results, Chrome Vanadium Springs, Sct 5 and Set 6
Table 16 « Test Results, Chrome Vansdium Springs, Set 7 and Set 8
Table 17 - Test Results, Chrome Vanadium Springs, Set 13

Figure 2 - Music Wire Springs, Aversge Load Values

Figure 3 - Stainless Steel Springs, Aversge Load Values

Figure 4 - Chrome Vanadium Springs, Average Load Values

Figure 5 = Heat Set Spring Installed on Endurance Tester
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SPECIFICATIONS

HEAT SET

SPRING

WIRE SIZE (IN.)

OUTSIDE DIAMETER (IN.)

TOTAL COILS

TYPE OF ENDS

FREE HEIGHT, APPROX. (IN.)

MEAN ASSEMBLED HEIGHT (IN.)

LOAD AT MEAN ASSEMBLED HEIGHT (LB.)
MINIMUM OPERATION HEIGHT (IN.)
LOAD-DEFLECTION RATE (LB./IN.)

MAX. UM SOLID HEIGHT (IN.)

SPRING HELIX

.
S

¥,

2

.0l3

.370 £.025

18.5

CLOSED AND GROUND
2.70

2.500

2.0 REF.

1.000

8.5

.330

L.H.
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Teble 2

Mus.ic Wire Springs

Se.. 1 - Heat Set; Stress = 100,000 psi;
Temperature = 200°F; Yime = 30 min.

Load at 2.500 inches (pounds) i'ree height (inches)
Before test After 50,000 Beiore test After 50,000

rycles cycles

Spring 1 2.5 2.4 2.786 2.738
Spring 2 ol 2.3 2.804 2.726
Spring 3 2.5 2,0 2.755 2.690
Spring b 2.6 2.1 2.752 2.712
Avarsge 2.53 2.20 2. 774 2.716

Set 2 - Heat Set; Stress = 100,000 psi;
Temperature = 200°F; Time = 60 min.

foad at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 2.5 2.4 2.764 2.721
Spring 2 2.5 2.0 2.768 2.700
Soring 3 2.6 2.2 2.78k 2.743
Soring 4 2.6 2.4 2.764 2.720
Spring 5 2.5 2.0 2.766 2.704
Spring 6 2.7 2.0 2.807 2.702
Spring 7 2.6 2.1 2.784 2.716
Spring 8 2.5 2.1 2.754 2.714
Spring 9 2.6 2.2 2.807 2.743
Spring 10 2.5 2.0 2.783 2.723
Aveyage 2.56 2.1h4 2.778 2.719
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Table 2

Music Wire Sgriggs

Set 3 -~ Heat Set; Stress = 100,000 psi;
Temperature = 300°F; Time = 30 min.

Load at 2.500 iiches (pounds) Free height (inches)
Before test ..fter 50,000 Before test After 50,000
cycles cycles
Spring 1 2.5 1.2 2.743 2.604
Spring 2 2.4 1.0 2.753 2.606
Spring 3 2.6 2.0 2.804 2.706
Spring 4 2.3 2.0 2.764 2.708
Spring 5 2.4 1.4 2.753 2.652
Spring 6 2.5 1.7 2.76% 2.703
Spring 7 2.6 1.3 2.804 2.609
Spring 8 2.k 0.9 2.766 2.546
Average 2.46 1.4 2.769 2.642
Set 4 - Heat Set; Stress = 100,000 i;
Temperature = 30035;; Time = EO min.
Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000
cycles cycles
Spring 1 2.4 1.5 2.758 2,652
Spring 2 2.5 1.6 2.74%9 2.701
Spring 3 2.5 1.5 2.766 2 653
Spring 4 2.3 1.7 2.743 2.683
Spring 5 2.5 1.2 2.767 2.655
Spring 6 2.4 1.7 2.746 2,684
Spring 7 2.5 2.0 2.748 2.705
Sprirg 8 2.5 1.6 2.7 2.709
Aversge 2.45 1.60 2.753 2.682

10
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Table 3

Music Wire Springs

Set 5 - fleat Setl; Stress = 100,000 psi;
Temperature = 400°F; Time = 30 min.

Load at 2.500 inches {pounds) Free height {inches)
Before test After 50,300 Before test Aftexr 50,000

cycles cycles

Spring 1 1.9 0.5 2.798 2.589

Spring 2 2.1 0.5 2.715 2. 569

Spring 3 2.9 1.2 2. 712 2.616

Spring U4 1.8 1.0 2.706 2.604

: Spring 5 2.0 1.0 2.708 2.618
. Spring 6 2.0 1.4 2.724 2.660
, Spring 7 1.8 1.0 2.695 2.603
Average 1.94 0.94 2.710 2.608

Set 6 - Heat Set; Stress = 100,000 psi;
Temperature = 400°F; Time = 60 min.

Lead at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,060C
cycles cycles
Spring 1 1.0 0.7 2.6Lo 2.575
Spring 2 1.2 0.7 2.627 2.552
Spring 3 1.2 0.5 2.603 2.501
Spring It 1.0 0.9 2.610 2.570
8p1ing 5 1.5 1.0 2.600 2.578
Srring 6 1.5 0.5 2.614 2.528
Spring 7 1.5 0.6 2.625 2.560
Lverage 1.27 0.70 2.617 2.552
:
1
X

¢
i

i‘mmwm;mmmm— R R

A

i

] 1A
| Nes
&}EA“




Y g

[

Set 7 - Heat Set; Stress = 15C,000 psi;
Temperature = 200°F; Time = 30 min.

Ioad at 2,500 inches {pounds) Free height (inches)
Before test After 50,000 Before test Aftar 50,000

cycles cycles

Spring 1 1.7 1.5 2.695 2.565

Spring 2 2.4 2.2 2,720 2.7T15

Spring 3 2.4 2.2 2.732 2.725

Spring 2.k L.5 2.727 2.625

Spring S 2.4 2.k 2.716 2.708

Spring 6 2.4 2.2 2.7.2 2.690

Spring 7 2.4 2.2 2,728 2.7A7

Spring 8 2.2 2.2 2.706 2,706

Spring 9 2.4 2.2 2. 741 2.723

Spring 10 2.2 2.0 2,702 2.880

Aversge 2.29 2.06 2.718 2.685
get 8 - Heat Set; Strees = 150,000 %i ;

Iemperature = 200°F; Time = 60 min.
Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

eycles cyecles

Spring 1 2.0 1.5 2.757 2.652

Spring 2 2.1 1.2 2,704 2.580

Spring 3 2.0 1.0 2.687 2.585

Spring 4 2.2 1.2 2.713 2.610

Spring 5 2.0 1.0 2.735 2.600

Spring 6 2.1 1.5 2.708 2.640

Spring 7 2.0 0.8 2,695 2.542

Spring 8 2.0 0.6 2.701 2.538

Average 2.05 1,10 2.710 2.593

12
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Table 5

Music Wire Springs

Set 9 - Heat Set; Stress = 150,000 psi;
Temperature = 300°F; Time = 30min.

Loed at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000
cycles cycles
: Spring 1 1.6 1.5 2.665 2.660
i Spring 2 1.6 1.5 2.663 2.645
Spring 3 1.5 1.4 2.667 2.645
Spring 4 1.h 0.5 2.64 2.563
Spring 5 1.5 1.4 2.663 2.642
Spring 6 1.6 1.0 2.651 2.611
Svring 7T 1.5 1.0 2.644 2.603
Spring 8 1.5 1.1 2.646 2.602
Spring @ 1.5 1.h 2.6438 2.632
Spring 10 1.6 1.h4 2.652 2.628
Aversge 1.53 1.22 2.654 2.623
Set 10 - Heat Set; Stress = 150,000 psi;
Temperature = 300°F; Time = 60 min.
Load ut 2.500 inches {pounds) Free height (inches)
Before test After 50,000 Before test After 50,000
cycles cycles
Spring 1 1.0 0.5 2.600 2.5k0
Spring 2 1.0 0.9 2.612 2.575
Spring 3 1.1 0.6 2.605 2.545
Spring & 1.2 0.7 2.583 2.567
Spring 5 1.0 0.9 2.608 2.575
Spring 6 1.1 1.0 2.615 2.595
Spring 7 1.2 1.0 2.606 2.597
Spring 8 1.0 0.0 2.576 2.425
Spring S 1.0 0.5 2.602 2.525
Average 1.07 .68 2.601 2.549
i
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Spying 1
Spring 2
Spring 3
Spring 4
Spring 5
Spring 6
Spring 7
Spring 8

Aversge

Set 13 - Controlled Set;
No hesat setting applied

Load at 2,500 inches (pounds)
Before test After 50,000
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Music Wire Springs

Free height (inches)

2.788
2.712
2.733
2.185
2.790
2.T75
2.788
2.195

2.785

Before test After 50,000

cycles
2.603
2.615
2.675
2.700
2.595
2.590
2.557
2.595
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Table T

Stainless Steel Springs

Set 1 - Heat Set; Stress = 100,000 psi;
Temperature = 200°F; Time = 30 min.

Loed at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before tes After 50,000

cycles eycles

Soring 1 2.2 2.2 2.740 2.720
Spring 2 2.3 2.2 2.745 2.740
Spring 3 2.2 2.2 2.750 2.735
Spring b4 2.5 2.2 2.745 2.740
Spring 5 2.2 2.0 2.730 2.TL5
Spring 6 2.2 1.7 2.740 2.655
Spring 7 2.3 2.2 2.755 2.737
Spring 8 2.2 2.0 2.755 2.645
Aversge 2.26 2.09 2.745 2.711

Set 2 - Heat Set; Stress = 100,000 psi;
Temperature = 200 F; Time = 80 min.

Loed at 2.500 iaches (pounds) Free heizht (inches)
Before test .\fter 50,000 Before test After 50,000
cycles cycles
Spring 1 2.2 1.8 2.T75 2,640
Spring 2 2.2 2.0 2.735 2.725
Spring 3 2.3 2.0 2.745 2.720
Spring L 2.2 2.0 2.740 2.723
Spring 5 2.4 2.1 2.747 2.688
Spring 6 2.4 2.0 2.737 2.725
Spring 7 2.2 1.9 2.725 2.693
Average 2.27 1.97 2.743 2.702
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Table &

% Stainless Steel Spr.ucs

Set 3 - Heat Set; Stress = 100,000 psi ;
Temperature = 300°F; Time = 30 min.

Load at 2.500 inches (pounds) Free height {inecuns)
Before test After 50,000 Before test After ©4,000

cycles cycies

Spring 1 2.2 1.9 2.728 2.695
Spring 2 2.4 2.1 2.7hs5 2.705
Spring 3 2.3 2.0 2.740 2.725
Spring 4 2.3 2.1 2.747 2.725
3pring 5 2.4 1.9 2.Th2 2.690
Spring 6 2.2 2.0 2.702 2.695
Spring 7 2.2 2.0 2.700 2.708
Spring 8 2.4 1.8 2.735 2.650
Spring 9 2.2 2.0 2.725 2. 711
Spring 10 2.2 2.1 2.737 2.710
Average 2.28 1.99 2.732 2.701

Set 4 - Heat Set; Stress = 100,000 »ei;
Temperature = 300%F; Time 60 min.

Load at 2,500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000
cycles cycles
Spring 1 2.2 2.0 2.728 2.720
Spring 2 2.1 1.8 2.725 2.652
Spring 3 2.3 2.2 2,750 2.735
Spring 4 2.3 2.2 2.743 2.725
Spring 5 2.2 2.0 2.730 2.707
Spring 6 2.1 2.1 2.720 2.715
Spring 7 2.2 2.0 2,728 2.705
Spring 8 2.3 2.1 2.747 2.720
Spring 9 2.2 2.0 2.743 2.725
Avemge 2.21 2.0li 2. Ths 2a
; i id
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Teble 9

Stainless Steel Sprirge

Set 5 - Heat Set; Stress = 100,000 psij;
Temperature = LOO°F; Time = 30 min.

Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 2.0 1.5 2. Th7 2.560
Spring 2 2.0 2.0 2.737 2.720
Spring 3 2.1 2.0 2.720 2.707
Spring 4 2.2 1.9 2.725 2.695
Spring 5 2.1 2.0 2.731 2.715
Spring 6 2.2 2.1 2.725 2. 722
Spring 7 2.2 2.0 2,740 2.715
Spring & 2.3 2.0 2.750 2.730
Spring 9 2.2 1.8 2.715 2.650
Average 2.1k 1.92 2.732 2.690

Set 6 - Heat Set; Stress 100,000 psi;
Temperature = 400°F; Time = 60 min.

b g e jm
AT A A i

T~ad at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000
cycles cycles
Spring 1 2.2 2.2 2.735 2.725
Spring 2 2.2 1.7 2.728 2.650
Spring 3 2.1 1.5 2.720 2.612
Spring 4 2.2 2.2 2.737 2.715
Spring S 2.0 2.0 2. 745 2.717
Spring 6 2.0 2.0 2.732 2.715
Aversge 2.12 1.93 2.733 2.689
; :
§
« ;
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Table 10

Stainless Steel Springs

Set T - deat Set; Stress = 1§oioo,o psi:
Tempergture = 200°F; e = 30 min.

Loed at 2.500 iaches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Soring 1 2.1 1.5 2.709 2.616

Spring 2 2.2 2.0 2.735 2.715

Spring 3 2.2 2.0 2.737 2,712

Spring 4 2.2 3.6 2.735 2,680

S?ring 5 2.1 107 20?30 20655

Spring 6 2.0 2.0 2.715 2.700

Spring 7 2.0 1.9 2.71.0 2.695

Average 2.1% 1.82 2.72k4 2.682
Set 8 - Heat Set; Stress = 150,000 psi;

Temperature = 200°F; Time ﬁ mine
Loed at 2.5C0 inches (pounds} Free height (inches)
Before test After 50,000 Before test Aftes 50,000

cycles cycles

Spring 1 2.0 2.0 2.715 i at-)

Spring 2 2.2 1.7 2,703 2.625

Spring 3 2.1 2.0 2.7(8 2.700

Spring 4 2.0 1.5 2.695 2.630

Spring 5 2.1 1.9 2.715 2.638

Spring 6 2.0 1.5 2.735 2.600

Spring | 2.2 2.0 2.722 2.710

Spring 8 2.0 1.9 2.710 2.695

Spring 9 2.0 1.9 2.725 2.705

Spring 10 2.2 2.0 2.720 2.700

Average 2.08 1.84 2.715 2.672
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Table 11

Stainless Steel Springs

Set 9 - Heat Set; Stress = 150,000
Temperature = 300°F; Time = 30 min.

Loed at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

eycles cycles

Spring 1 2.0 1.7 2.695 2.692
Spring 2 2.0 1.3 2.700 2.585
Spring 3 1.9 1.7 2.695 2.685
Spring b 2.0 1.4 2.712 2,635
Spring 5 1.9 1.6 2.690 2.660
Aversge 1.96 1.54 2.699 2.651

Set 10 - Heat Set; Stress = 150,000 psi;
Temperature = 300°F; Time = min.

Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.9 1.3 2.695 2.620
Spring 2 2.0 1.6 2.697 2.650
Spring 3 1.9 1.5 2.692 2.685
Spring 4 1.8 1.2 2.696 2.570
Spring 5 2.0 1.7 2.698 2.680
Averege 1.92 1.6 2.696 2.643
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Table 12

§§§ Stainless Steel Springs

Set 13 - Controlled Set;
No heat setting applied

Load at 2.500 inches {pounds) Free height (inches)
Before test After 50,000 Before test After 30,000

cycles cycles

Spring 1 2.2 1.7 2.725 2.684

Spring 2 2.2 1.6 2.728 2.642

Spring 3 2.1 1.8 2.725 2.714

Spring U 2.3 1.9 2.745 2.725

Spring 5 2.2 1.7 2.747 2.680

Spring 6 2.3 1.7 2.750 2.685

Spring 7 2.4 1.8 2.756 2.694

Spring 8 2.2 1.6 2.745 2.625

Average 2.24 .72 2.tho 2.681
i
1
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Table 13
Chrome Vanadium Springs

det 1 - Heat Set; Stress = 100,000 psi;
Temperature = 2002 F; Time = 30 min.

Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.7 1.5 2.675 2.652

Spring 2 1.5 1.5 2.658 2.625

Spring 3 1.7 1.6 2.657 2.625

Spring 4 2.0 1.5 2.656 2.635

Spring 5 1.7 1.7 2.655 2.6L0

Spring 6 1.5 1.5 2.657 2,645

Spring T 1.7 1.6 2.662 2.655

Spring 8 1.8 1.6 2.660 2.650

Spring 9 1.7 1.7 2.645 2.645

Spring 10 1.7 1.7 2.650 2.6U4k

Averege 1.70 1.59 2.658 2.640

Set 2 - Heat Set; Stress = 100,000 psi;
Temperature = 200°F; Time = min.
Loed at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test AfSer 50,000

cycles cycles

Spring 1 1.5 1.4 2.637 2.618

Spring 2 1.6 1.3 2.650 2.607

Spring 3 1.5 1.5 2.640 2,617

Spring & 1.7 1.6 2.645 2,635

; Spring 5 1.7 1.5 2.630 2.628
: Spring 6 1.8 1.7 2.660 2.650
; Spring T 1.7 1.5 2.635 2.610
¢ Spring 8 1.7 1.6 2.645 2.640
: Spring 9 1.8 1.5 2.655 2.6L42
¢ Spring 10 1.5 1.5 2.635 2.630
; Aversge 1.65 1.51 2.343 2.62€
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Table 14

Chrame Vanadium Springs

Set 3 - Heat Set; Stress = 100,000 psi;
Temperature = 300°F; Time = 30 min.

Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.6 1.5 2.625 2.623
Spring 2 1.5 1.2 2.610 2.600
Spring 3 1.6 1.4 2.630 2.610
Sprins L 1.5 1.2 2.625 2.605
Spring 5 1.5 1.3 2.615 2,600
Spring 6 1.3 1.0 2.590 2.575
Spring T 1.5 1.2 2.628 2.610
Spring 8 1.6 1.3 2.627 2.612
Spring 9 1.5 1.2 2.615 2.602
Spring 10 1.4 1.2 2.625 2.617
Aversge 1.50 1.25 2.619 2.605

Set 4 - Heat Set; Stress = 100,000 psi;

Temperature = 300°F; Time = min.
Load &t 2.500 inches (pounds) Free heigkt (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.4 1.2 2.595 2.585

Spring 2 1.5 1.4 2.610 2.603

Spring 3 1.5 1.4 2.620 2.613

Spring 4 1.6 1.2 2.625 2.608

Spring 5 1.5 1.5 2.631 2.625

Spring ¢ 1.6 1.4 2.636 2.610

Spriag T 1.5 1.4 2.612 2.605

Spring 8 1.6 1.5 2.625 2.616

‘ Spring 9 1.5 1.k 2.613 2.608
: Spring 10 1.5 1.2 2.632 2.606
Average 1.52 1.36 2,620 2.508
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Spring 1
Spring 2
Spring 3
Spring 4
Spring 5
Spring 6
Spring 7
Spring 8
Spring 9

Spring 10

Aversge

Spring 1
Spring 2
Spring 3
Spring 4
Spring 5
Spring 6
Spring 7
Spring 8
Spring 9

Aversage

Chrome Vanadium Springs

Set 5 - Heat Set; Stress = 100,000 psi;

Tempersture = 400°F; Time = 30 min.
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Set 6 - Heat Set

Loed at 2.500 inches (pounds)
Before test After 50,000
cycles
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Free height (inches)

2.603
2.615
2.608
2.608
2.620
2.622
2.625
24633
2.625
2.621

2.618

tress = 100,000 psi;

Temperature = 4O0°F; Time = 60 min.
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Loed at 2.500 inches (pounds)
Before test After 50,000
cycles
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Before test After 50,000

cycles
2.600
2.615
2.595
2.597
2.605
2.618
2.615
2.617
2.612
2.616

2.609

Free height (inches)

2.632
2.625
2.611
2.630
2.627
2.622
2.612
2.608
2.616

2.620

Before test After 50,000

cycles
2.508
2.590
2,595
2.625
2.620
2.605
2.61C
2.600
2.615

2.59%
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Table 16

Chrome Vanadiua Springs

Set 7 ~ Heat Set; Stress = 150,000 psi;
Temperature = 200°F; Tine = 30 min.

Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.2 1.0 2.595 2.578
Spring 2 1.0 1.0 2.590 2.575
Spring 3 1.0 1.0 2.592 2.560
Spring U 1.2 1.2 2,594 2.582
Spring S 1.2 1.2 2.585 2.5Th
Spring 6 1.2 1.2 2.604 2.590
Spring 7 1.0 1.0 2.580 2.570
Spring 8 1.0 1.0 2.577 2.560
Spring 9 1.1 1.0 2.595 2.585
Spring 10 1.0 1.0 2.575 2.575
Avemge 1009 10% 2-589 2.577

Set 8 - Heat Set; Stress = 150,000 psi;

Temperature = 200°F; Time = 60 min.
Load at 2.500 inches (pounds) Free height (inches)
Before test After 50,000 Before test After 50,000

cycles cycles

Spring 1 1.2 0.9 2.652 2.567
Spring 2 1.1 1.0 2.584 2.565
Spring 3 0.9 0.7 2.565 2.545
Spring 4 1.0 0.9 2.575 2.562
Spring 5 0.9 0.7 2.565 2.555
Spring 6 1.0 0.9 2.580 2.562
Sprirg 7 1.0 0.9 2.570 2.568
Spring 8 1.1 1.0 2.583 2.570
Spring 9 1.0 0.9 2.572 2.555
Spring 10 1.0 1.0 2.565 2.560
Average 1.02 .89 2.581 2.561

24

!




e

z Table 17
B Chrome Vanadium Springs
% Set 13 - Controlled Set; No heat setting applied

t Load at 2.500 inches (pounds) Free height (inches)

t Before test After 50,000 Before test After 50,000

) cycles cycles
Spring 1 2.0 1.1 2.680 2.596
Spring 2 2.0 1.5 2.675 2.650
Spring 3 1.7 1.3 2.657 2.615
Spring L 2.0 1.4 2.695 2.630
Srring 5 1.9 1.k 2.675 2.634
Spring 6 2.0 1.k 2.678 2.633
Spring 7 1.7 1.1 2.655 2.580
Spring 8 1.9 1.5 2.665 2.645
Spring 9 2.0 1.k 2.682 2.630
Average 1.91 1.34 2.674 2.62k
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